Structural insights into enzymatic activity and substrate specificity determination by a single amino acid in nitrilase from Syechocystis sp. PCC6803.
Nitrilases are enzymes widely expressed in prokaryotes and eukaryotes that utilize a Cys–Glu–Lys catalytic triad to hydrolyze non-peptide carbon–nitrogen bonds. Nitrilase from Syechocystis sp. Strain PCC6803 (Nit6803) shows hydrolysis activity towards a broad substrate spectrum, ranging from mononitriles to dinitriles and from aromatic nitriles to aliphatic nitriles. Yet, the structural principle of the substrate specificity of this nitrilase is still unknown. We report the crystal structure of Nit6803 at 3.1 Å resolution and propose a structural mechanism of substrate selection. Our mutagenesis data exhibited that the aromaticity of the amino acid at position 146 of Nit6803 is absolutely required for its nitrilase activity towards any substrates tested. Moreover, molecular docking and dynamic simulation analysis indicated that the distance between the sulfhydryl group of the catalytic cysteine residue and the cyano carbon of the substrate plays a crucial role in determining the nitrilase catalytic activity of Nit6803 and its mutants towards different nitrile substrates.